Introduction: Hepatitis C is a public health problem of global dimensions, affecting approximately 200 million people worldwide. The main objective of this study was to estimate the incidence rate of hepatitis C in Brazil during the period between 2001 and 2012. Methods: An epidemiological, temporal, and descriptive study was performed using data from the Information System for Reportable Diseases. Results: Between 2001 and 2012, a total of 151,056 hepatitis C cases were recorded, accounting for 30.3% of all hepatitis notifi cations in Brazil. The average gross coeffi cient for the analysis period was 6.7 new cases per 100,000 inhabitants. The regions with the highest rates were the Southeast region (8.7 new cases/100,000 inhabitants) and the South (13.9 new cases/100,000 inhabitants). There was a predominance of men with respect to the incidence rate (8.0 new cases/100,000 inhabitants) compared to women (5.5 new cases/100,000 inhabitants). Injection drug use was the most common source of infection, and members of the white race, residents of urban areas, and those aged 60 to 64 years had the highest incidences. Conclusions: Over the last 10 years, the incidence of hepatitis C in Brazil has increased, mainly in the South and Southeast. The adoption of fast, accurate diagnostic methods, together with epidemiological awareness, can facilitate early intervention measures for adequate control of the disease.
INTRODUCTION
Hepatitis C is a worldwide public health concern. It is estimated that 3% of the global population is infected by the virus, corresponding to approximately 200 million people (1) (2) . This is 5 times the rate of infection with human immunodefi ciency virus (HIV) (3) . In Brazil, it is estimated between 2.5% and 4.9% of the population is infected with hepatitis C virus (4) .
The prevalence of hepatitis C is low, at 0.5-2%, in most European countries, and 0.2-0.5% in the Americas, Australia, and South Africa. A higher prevalence rate is reported in the Middle East, India, and Brazil; Egypt has had the highest prevalence of hepatitis C in the world in recent years, corresponding to approximately 20% of the population (5) . Hepatitis C is caused by infl ammation of the liver due to infection by hepatitis C, resulting in acute hepatitis. Its presentation is often subclinical, and it may develop into a chronic condition (6) . Progression to the acute chronic stage occurs in approximately 85% of cases, and 70% of individuals develop chronic liver pathologies (7) . Approximately 80 million people live with chronic hepatitis C, and in 2013, it was estimated that 700,000 people died of hepatitis C worldwide (8) .
Hepatitis C result in high morbidity and mortality, with serious comorbidities and high costs of treatment. Furthermore, infected individuals develop chronic forms of the disease and may develop complications such as cirrhosis, hepatocellular carcinoma, hepatic steatosis, or fibrosis (9) (10) . Some data suggest that approximately 500,000 deaths per year worldwide are caused by such complications (11) , which can also cause a signifi cant reduction in the quality of life and well-being of affl icted individuals (12) .
Worldwide, the most common route of transmission of hepatitis C virus is intravenous drug use (IDU) (13) . In Brazil, the main risk factors additionally include invasive therapies with contaminated equipment (14) . Other risk factors for hepatitis C include perinatal infection, sexual transmission, and activities involving potential exposure to blood, such as tattooing and piercing (15) . Moreover, the residual risk of transmission during the immunological window period cannot be ignored (16) . No vaccine against hepatitis C is available, and treatment for hepatitis C varies according to the characteristics of each individual (17) . In this context, the present study aimed to estimate the incidence rate of hepatitis C in Brazil in an effort to better understand the incidence of this disease in the country. Ages were stratifi ed according to the following groups adopted by SINAN/MS (18) : under 1 year; 1 to 4, 5 to 9, 10 to 14, 15 to 19, 20 to 39, 40 to 59, 60 to 64, 65 to 69, and 70 to 79 years; and 80 years or older. Both men and women were included in the study. Zones of residence were categorized into peri-urban/ rural and urban. Schooling was stratifi ed according to the years of study: none, 1 to 3 years, 4 to 7 years, 8 to 11 years, and 12 or more years completed. All 26 Brazilian states plus the Federal District were included in the study, in addition to the fi ve regions of Brazil: North, Northeast, Southeast, South, and Midwest. Concerning race/skin color, we used the following categories adopted by SINAN/MS (18) : white, black, brown, yellow, and indigenous. Furthermore, the following classifi cations were used for source of infection: sex, IDU, transfusion, mother-to-child transmission, and industrial accidents. Due to differences in categories used by the SINAN/MS prior to 2007 versus from that year on, we decided to combine the records associated with rural and peri-urban zones. There were also differences in categories related to schooling, and we chose to classify illiterate individuals under none in terms of years of study completed; those who began a particular year in the next-higher range category but did not complete it were classifi ed in the lower-range category of years completed (e.g., those who had started 4 th grade without completing it were included in the 1 to 3 years completed category.
RESULTS

DISCUSSION
METHODS
The absolute and relative frequencies of all variables were determined. The crude incidence coeffi cient was calculated by dividing the number of reported cases by the resident population in the same place and time and multiplying the result by 100,000.
We calculated the proportional incidence coefficient and standardized it according to the federative unit, region, residential area, sex, and age because these variables represented available data in both the SINAN/MS and IBGE.
Access to the SINAN/MS and tabulation of the data were achieved using the TabNet software (DATASUS, Brasília, 2 new cases/100,000 inhabitants), while the lowest rates were found in the States of Piauí (0.5 new cases/100,000 inhabitants) and Pará (0.9 new cases/100,000 inhabitants).
The geographic regions with the greatest average coeffi cients were the Southern and Southeast regions (13.9 and 8.7 new cases/100,000 inhabitants, respectively). The lowest average coeffi cient was found in the Northeast (1.7 new cases/100,000 inhabitants) (Figure 1 ). The residence zone that showed the higher average coeffi cient was the urban zone (6.3 new cases/100,000 inhabitants), while the rural and peri-urban areas accounted for an average of 0.3 new cases/100,000 inhabitants.
Furthermore, there was a predominance of new cases of hepatitis C in men, who showed an average coeffi cient of 8.0 new cases/100,000 inhabitants, while women had an average coeffi cient of 5.5 new cases/100,000 inhabitants ( Figure 2) . Figure 3 shows that the racial category with the predominant incidence rate was that of white individuals, representing 70.3% (n=84,230) of new cases, followed by brown individuals (21%; n=26,816). Upon analysis by age, the 40 to 49 years age group average coeffi cient of hepatitis C predominated (16.7 new cases/100,000 inhabitants), followed by the 60 to 64 years group (15.2 new cases/100,000 inhabitants).
The most common source of infection was hypodermic needles used for injection drugs, corresponding to 46.1% (n=57,358) of new cases, followed by blood transfusion, which increase up to the year 2006 and declined in later years, accounting for an average of 22.5% (n=15,203) of new hepatitis C cases.
The present study revealed that, between 2001 and 2012, 151,056 incidents of hepatitis C were reported, accounting for 30.3% of all notifi cations of hepatitis in Brazil. |--0.9 0.9 --| 1.9
1.9 --| 2.9 2.9 --| 3. A review study reported in 2014 showed that the detection rate of hepatitis C in Brazil was 5 new cases per 100,000 inhabitants in 2011, with higher rates being observed in the South and Southeast regions corresponding to 8.5 and 7.4 new cases per 100,000 inhabitants, respectively (19) . These fi ndings are consistent with our study. The burden of infection in Brazil, in absolute terms, shows an unequal geographical distribution, with the highest concentrations in the South and Southeast, compared to lower rates in the North, Northeast, and Midwest, between 2003 and 2009 (20) . A likely explanation for the higher incidence rates in the South and Southeast may be better access to the health care systems in these regions, which are more organized (21) . Another factor that could explain the high rates of hepatitis C in southern and southeastern Brazil is the high rate of IDU, as this factor presents a strong association with hepatitis C positivity (22) . The northern region of the country is the location of the Amazon forest, as well as built-up areas, traditional indigenous populations, and a low population density; providing access to adequate medical care in these areas is diffi cult, and preventative measures are not very well accepted. Most urbanized areas, however, have better access to health programs and adoption of preventative measures; such areas are concentrated in the South and Southeast regions (23) , and these factors may contribute to the higher rates of hepatitis C recorded in urbanized areas.
The reported cases of hepatitis C in Canada have decreased in recent years (24) (25) . In 2009, a survey investigated 11,357 cases of hepatitis C among individuals who were documented in the Canadian Notifi able Disease Surveillance System, and revealed that the rate of new cases was 33.7 new cases per 100,000 inhabitants, whereas the rate in 2005 had been 40.5 new cases per 100,000 inhabitants (24) (25) . In 2011, the rate of hepatitis C in the European Union was 7.9 new cases per 100,000 inhabitants, corresponding to 30,373 new cases reported that year (26) . A study conducted in Italy between 1996 and 2006 estimated the trends in hepatitis C for different age groups using the joinpoint regression method. During this period, a total of 6,806 cases of hepatitis C were recorded, and a strong reduction in incidence rates was observed in all age groups, decreasing from 2.02 new cases per 100,000 inhabitants in 1996 to 0.55 new cases per 100,000 inhabitants in 2006 (27) . The opposite situation occurred in Brazil, as our fi ndings revealed an increase in the incidence rates of hepatitis C during our analysis period. This may be due to the underreporting of hepatitis C by some surveillance systems, which has been a topic of discussion in Europe and the United States (20) . A study developed in Poland sought to assess the epidemiological situation of hepatitis C in 2011 and compare it to previous years. A descriptive analysis was performed based on data extracted from the Compulsory Routine Surveillance System. It was found that in the years 2005-2009, the incidence of hepatitis C was 7.22 new cases per 100,000 inhabitants, while in 2011, the rate was 5.58 new cases per 100,000 inhabitants. It was further revealed that the rates were twice as high in urban areas compared to in the countryside (6.90 new cases per 100,000 inhabitants versus 3.54 new cases per 100,000 inhabitants, respectively). These fi ndings may have been infl uenced by access to diagnostic logs, as the lowest rates in the aforementioned study were recorded in rural areas, again revealing a predominance among men in relation to women (6.42 new cases per 100,000 inhabitants versus 4.80 new cases per 100,000 inhabitants, respectively) (28) . These data are similar to ours. The signifi cantly lower incidence of hepatitis C in rural compared to urban populations might be explained by the lack of access to diagnostic tests; therefore, it may not be possible to determine the actual epidemiological situation in these regions (29) . According to an epidemiological study conducted in 2010, the incidence of hepatitis C in Europe in 2006 was 6.7 new cases per 100,000 inhabitants, with a predominance among men; moreover, the 25-44 years age group was the most affected. In the Eastern Mediterranean region and in Southeast Asia, the incidence rates have also been found to be higher in men (30) . In a prospective cohort investigated between 2005 and 2011, the rate of hepatitis C was greater among men in the 40-59 year age group, while it was higher in women among younger people aged 15-24 years (13) . Another 2014 survey that investigated the relationship between sex and hepatitis C revealed that hepatitis C disproportionately affects men. The study suggested that this difference was associated with the fact that women are more likely to eliminate the virus spontaneously and less prone to exhibit disease progression if they are chronically infected because of the protective function that estrogen exerts on hepatic cells (31) .
An analytical, retrospective study conducted in São Paulo in 2010 showed that hepatitis C rates are higher in men; however, women had a higher incidence of adverse events. Consequently, changes in doses of treatment were higher among women; moreover, men and women responded differently to the same treatment. Women have specifi c characteristics that potentially affect the course and outcome of antiviral therapy. However, in spite of studies on the treatment of hepatitis C, little is known about the actual impact of sex on the characteristics that infl uence the effi cacy and safety of treatment for hepatitis C (32) . In a cross-sectional, multicenter study that sought to assess the factors related to exposure to hepatitis C among adults who attended 26 randomly selected health service centers between the years 2005 and 2007, the results revealed that the main risk factors associated with hepatitis C include an age greater than 40 years and IDU; men were common in both categories. These data corroborate the fi ndings of our research (33) .
Based on the Epidemiological Bulletin of Viral Hepatitis for the period between 1999 and 2010, hepatitis C detection rates were predominant in the brown race in the North, Northeast, and Center-West, and in the white race in the southeastern and southern regions. In this study, the white race was the most infected, which may be related to the European settlement of the southeastern and southern regions, where the incidence of hepatitis C was higher (34) . However, these regions may have higher rates of compulsory reporting practices and better public health systems compared to northern regions. For instance, hemodialysis, hemotransfusion, surgery, and IDU are much more common in the southeast due to political and economical development.
In a retrospective study, higher rates of hepatitis C were found among adults aged 35 to 59 years with a low level of schooling (35) . This investigation sought to estimate the rate of infection in individuals who attended the Veracruz State Blood Transfusion Center in Veracruz (Mexico) during the period between 2006 and 2010. These data are consistent with the fi ndings of our study.
Despite the major advances in techniques for the detection and prevention of hepatitis C, the number of patients undergoing dialysis treatments who are infected by this virus in Brazil has increased in recent years (4) . There are estimates indicating that 34,366 individuals begin hemodialysis treatment in Brazil annually, including 5,963 new cases per year in the South.
Patients undergoing hemodialysis are currently one of the main groups at risk for hepatitis C (4) .
Currently, the most common route of transmission of hepatitis C is needle sharing during IDU (36) . Approximately 50% to 90% of intravenous drug users are also positive for hepatitis C (37) . These fi ndings are consistent with a study performed in Greece that followed hematology service facilities in the country during the years 1997-2006, and revealed that the vast majority of hepatitis C infected intravenous drug users were men with an average age of 33.7 years, and that hepatitis C had been acquired less than 20 years ago in one of every two such individuals. This study suggests that there will soon be a considerable increase in young patients with cirrhosis, liver failure, and hepatocellular carcinoma (38) . Co-infection of individuals with hepatitis C virus and HIV is very common (39) . Currently, up to 30% of all HIV-infected patients are involved in IDU, and 85% of intravenous drug users are infected with either HIV or hepatitis C virus. Because of the decline in national and global rates of mortality from AIDS, liver disease has become the leading cause of death in HIV-infected patients (39) .
To summarize thus far, we can conclude that, in the last 10 years, the incidence of hepatitis C has increased in Brazil, mainly in the South and Southeast regions. Urban areas of the country present the highest rates of hepatitis C, and the highest incidences are observed in men, the white race, intravenous drug users, and those aged 60-64 years.
Although information from health information systems is a relevant source of secondary data, we suggest that attention be paid to the quality of the data recorded, particularly the reliability of the information and the completeness of the information. The reason for this is that information management in Brazil's health information systems is still not performed in an orderly and systematic fashion, and any adopted initiatives are more reliable and robust in the South and Southeast of the country (40) . It is important to develop further studies and conduct ongoing assessments of the quality of the data, and to press on all administrative offi cials to improve the quality of the available information regarding health indicators in Brazil (41) .
On November 3, 2010, Decree 201 was enacted, which provides the parameters for monitoring the information provided to the SINAN and establishes that hepatitis C is a reportable disease. Although it is known that there are defi cits in completing all the fi elds of the notifi cation form, this has improved in recent years. The interpretation of the data recorded should take into account limitations, including the fact that they are based on secondary information from a passive surveillance system, and that the lack of completeness of information may lead to bias (42) . In some states, the doctor is obliged to provide a notifi cation number in order to record the hepatitis C quantifi cation results into the SINAN, and this could represent an important bias, as many doctors may not bother with this. However, even with the limitations mentioned, our study showed results that were consistent with the literature and that ought to be useful for supporting public policies, especially those related to service organization (42) .
Hepatitis is a major problem for health service providers, because of not only its high incidence but also its negative impact on the quality of life of affected individuals. Thus, epidemiological surveillance is an important tool for improving the investigation and reporting of hepatitis C as well as determining the risk of infection and the profi le of infected patients, thus enabling the adoption of measures to prevent and control the spread of hepatitis C. Based on such knowledge, it is possible to implement actions to promote guidance campaigns as well as hasten the prevention, control, and diagnosis of hepatitis C. This may involve individual and/or collective efforts to provide up-to-date information that can contribute to the reduction of hepatitis C in the population. We also recommend that predictive models based on time series be used in future research.
